A simple and reliable HPLC method was developed and validated for the simultaneous quantification of four major constituents in Semen Vaccariae. The chromatographic separation was performed on an Agilent Zorbax SB-C18 column with gradient elution using methanol and water. The calibration curves showed good linearity of R 2 > 0.9999 with LOQs (S/N = 10) of 0.20-1.16 μg/mL. The precision was evaluated by intra-and inter-day assays and R.S.D. values were less than 2.09%. The recovery rates were between 97.0% and 105.0%. The developed method was applied to the quantitative analysis of Semen Vaccariae and its stir-fried products. During the stir-frying process, vaccarin degraded and yielded isovitexin-2''-O-arabinoside. The preferable stir-frying temperature is around 120°C. The developed HPLC method can be applied to the quality control of crude and stir-fried Semen Vaccariae.
Semen Vaccariae (SV), well-known as "Wang-Bu-Liu-Xing" in China, is the dried ripe seed of Vaccaria hispanica (Mill.) Rauschert. It has been widely used to treat urinary tract infections and promote milk secretion over hundreds of years [1, 2] . Phytochemical studies of SV reported the isolation of flavonoids, triterpene saponins, alkaloids, and cyclic peptides [3a-f] . Traditionally, when used for medicine, SV should be stir-fried under soft heat till at least 85% pop rate. However, the chemical change during the stir-frying process is still unknown due to the lack of study on the profiling analysis of crude and stir-fried SV. In the ChP [1] , vaccarin is used as the chemical marker compound for quality control of this herb, which should be no less than 0.4% (w/w) in SV and 0.15% (w/w) in stir-fried SV. Obviously, it could not reflect the positive effect of the stir-frying process. In our previous work, chemical profiling qualitative analysis of SV is reported [3f]. In this paper, a simple and reliable HPLC method was developed and validated for simultaneous determination of major constituents of SV, i.e. hypaphorine, vaccarin, isovitexin-2''-Oarabinoside and vaccarin H. The developed method was applied to the quantitative analysis of stir-fried SV prepared by an L 9 (4) 3 orthogonal experimental design and the chemical changes during the stir-frying process were investigated.
The mobile phases, consisting of water-CH 3 CN and water-CH 3 OH, with and without acetic acid, were evaluated in terms of chromatography resolution and peak shape. Finally, the gradient program with the water-CH 3 OH system was employed for analysis. The monitor wavelength was optimized and was set at 280 nm where all the constituents showed obvious peaks in the chromatogram. Baseline separation of all analytes was obtained. The stability of analyte was evaluated by comparing the area of the SV extract sample after 2, 6, 12, and 24 h. All analytes were stable for at least 24 h. As shown in Tables 1 and 2, good linearity with R 2 > 0.9999 was achieved for all analytes. The limits of quantitation (LOQ) were calculated as the concentration at S/N = 10 and within the range of 0.20-1.16 μg/mL. The R.S.D. was less than 2.09% for intra-day and inter-day assays of all analytes in SV samples. The recovery rates were within the range of 97.0-105.0%.
The validated HPLC method was applied to analyze SV and its stirfried samples prepared by orthogonal tests, shown in Table 3 . The temperatures of the stir-frying process were selected as 120, 150, and 180°C, which corresponded to soft, medium, and high heat. The time and the SV quantity of the processing were set according to the size of container and its practical processing effect. After the stirfrying process, the weight of SV decreased and the yield was calculated ( Table 3 ). The yield should be divided by the measured content of each analyte in stir-fried SV when compared with that in SV. The results are summarized in Table 4 .
It was shown that the stir-frying process had great influence on the chemical composition of SV. The influence on the content of vaccarin decreases in the order: temperature > SV quantity > time according to the R values, while for the other three analytes it was in the order of temperature > time > SV quantity. The preferable temperature is suggested to be around 120°C, which is consistent with the traditional method using "slow heat" for processing. By processing at 120°C, significant reduction in the content of vaccarin was observed, while the contents of isovitexin-2''-O-arabinoside increased greatly. By comparing their chemical structures, it could be deduced that cleavage at the 4'-O-glucoside bond of vaccarin took place and yielded isovitexin-2''-O-arabinoside.When the temperature increased from 120°C to 180°C, the average yield of stir-fried SV reduced from 87.2% to 83.4%, along with great decreases in the contents of all analytes.
Experimental
Plant material: SV were purchased from Anguo herb market (Hebei, China). A voucher specimen was deposited in our laboratory.
Chromatographic conditions:
An Agilent 1100 series HPLC system including a G1311A quat-pump, G1329A autosampler, G1316A column oven, G1315D diode array detector and an Agilent Chem Station was used for HPLC analysis. The UV spectra were recorded in the scale from 190 to 400 nm and the effluent was monitored at 280 nm. Chromatographic separation was achieved on an Agilent Zorbax SB-C18 column (4.6 mm × 250 mm, 5 μm) with an Agilent C18 pre-column (4.6 mm × 12.5 mm, 5 μm) at a flow rate of 1.0 mL/min. The temperature was set at 30°C.The mobile phase consisted of Solvent A (water) and Solvent B (CH 3 OH) with gradient programs as follows: Sample preparation: SV were stir-fried in a Ф30 cm stainless pan under the conditions listed in Table 3 . After the process, the vessels were cooled down to room temperature and the processed SV were collected and weighed to calculate the yields. The sample solutions of SV and stir-fried SV were prepared in terms of the ChP method [1] as follows: About 1.2 g of the powders of SV and stir-fried SV sifted through a 100 mesh sieve, were added to 50 mL of 70% methanol. After ultrasonic extraction (250 w, 33 kHz) for 30 min, the solutions were cooled to room temperature and accurately weighed. The weight loss was complemented with 70% methanol. The solution was shaken and then filtered through a 0.45 μm membrane. The successive filtrates were collected as sample solutions and subjected to HPLC analysis by injection of 10 μL. 
Validation and assay:
The method validation was performed according to the ICH guidelines [4] . The linearity calibration curves were made on 7 different injection volumes of the mixed reference compounds within 1-80 μL (n = 3). The regression equation was calculated in the form of Y=AX+B with a reference injection volume of 10 μL, where Y and X were the areas of peak and sample concentrations (μg/mL), respectively. The precision was evaluated by the intra-(n = 5) and inter-day (n = 3) assays of SV samples. The limits of quantitation (LOQ) were calculated as the concentration at S/N = 10. The accuracy of the method was evaluated using the recovery test. Reference compounds at different concentration levels (low, medium and high, corresponding to 50, 100 and 150%, respectively) were added to certain amounts of SV powders and were then extracted as described above. The samples were subjected to the measurement of recovery rate (n = 3).
